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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a solid electrolytic capacitor and its manufacture 
approach, and relates to the solid-state capacitor which has the especially excellent leakage current 
property, and its manufacture approach. 
[0002] 

[Description of the Prior Art] A solid electrolytic capacitor has the basic structure which consists of an 
anode plate, a dielectric layer, and cathode, and explains the conventional method of construction which 
manufactures this solid-state capacitor below in order of a process. 

[0003] (1) The manufacture approach of an anode plate object (refer to drawing 4 and drawing 5 ) 
First, the binder for raising a moldability to valve action metal powder, such as Ta (tantalum) and Nb 
(niobium), is mixed, and the granulation powder 1 for press forming is created. Next, this granulation 
powder 1 is used and the compression molding object 3 which laid the anode plate lead 2 (the metal of 
the same quality of the material as powder is used) underground with the press method of construction is 
created (refer to drawing 4 ). Thejinode plateobject 4 for solid electrolytic capacitors is acquired by 
sintering according to the powder which uses this compression-molding object 3 under an elevated 
temperature (in the case of fa and Nb about 1200-1600 degrees C), and the conditions of a high vacuum 
(10-6Torr extent) (refer to drawing 5 ). a group currently called on the theory the "valve action metal" 
quoted above as an ingredient of the anode plate object 4 -- a metallic material should be able to be used 
- although it comes out, the ingredients put in practical use are only Ta in it, and aluminum (aluminum). 
And in the case of aluminum, it is rare to manufacture the anode plate object 4 by the above sintering, 
and, generally using an etching foil is performed. Therefore, when manufacturing the anode plate object 
4 by the above-mentioned approach, at present, most of the ingredient is limited only to Ta. 
[0004] (2) In order to form a dielectric layer in the front face of formation of a dielectric layer (oxide 
layer), next the anode plate object 4 of the above (1), form the oxide layer as a dielectric layer by the 
technique called "anodic oxidation." This anodic oxidation is the approach of forming an oxide layer in 
an anode plate body surface by carrying out the dipping of the anode plate object 4 and the confrontation 
electrode for energization into an electrolytic solution, maintaining an anode plate object at forward 
potential, maintaining a confrontation electrode at the potential not more than it, and energizing. 
Although the anode plate object-confrontation inter-electrode potential difference at this time is called 
"formation voltage", the point that the thickness of an oxide layer can be decided easily is the 
description of this method of construction by controlling this formation voltage, moreover, the anode 
plate object 4 which passed through this anodic oxidation - "-- formation - it is called body." 
[0005] (3) formation of a solid electrolyte layer, then formation of the above (2) - when a conductive 
matter layer is formed on a bodily oxide layer, the basic structure as a capacitor called an anode plate 
(anode plate object metal part) / dielectric layer (oxide layer) / cathode (conductive matter layer) will be 
acquired. The thing of the above-mentioned conductive matter layer is called a "solid electrolyte layer." 
Although the manganese-dioxide layer obtained by pyrolyzing manganese nitrate as this solid 
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electrolyte layer is common, what formed conductive organic macromolecules, such as polypyrrole, in 
the shape of a layer by the polymerization is increasing recently. 

[0006] (4) formation of catholyte — ■ the following process — the formation after the solid electrolyte 
stratification of the above (3) — although a conductive matter layer is further formed on the body, call 
this layer "catholyte." This catholyte connects the external terminal for mounting (cathode) to a solid 
electrolyte layer, and has an operation of the stress relaxation at the time of - mounting etc. at the time of 
reduction of connection resistance, and sheathing of a capacitor. It is common to formation of catholyte 
that a graphite paste and a silver paste are used together. 

[0007] (5) At the process of external terminal formation and the sheathing last, add the metal external 
terminal for mounting to the component after cathode formation of the above (4) by welding, adhesion, 
etc., carry out sheathing (resin sheathing etc.) aiming at damp-proof improvement and handling 
disposition superiors further, and obtain a solid electrolytic capacitor. 

[0008] Although the solid electrolytic capacitor of a configuration of having carried out [explanation of 
evaluation property] **** has various properties and the evaluation approach is also various, the 
property observed by this invention is the leakage current (LC). It can be said that this leakage current is 
a current which is flowing to the capacitor after impressing fixed direct current voltage to a fixed time 
amount capacitor, and it is such a good capacitor that the leakage current is small. 
[0009] 

[Problem(s) to be Solved by the Invention] By the way, a certain solid electrolytic capacitor has the 
following faults conventionally. In addition, since this invention is a thing about Ta and Nb capacitor, 
here indicates it about the fault which conventional both have. 
[0010] [The fault of the conventional article] 

(1) Although Ta is excellent in property sides, such as a dielectric constant and the leakage current, as an 
anode plate object ingredient of the solid electrolytic capacitor put in practical use, it has the fault that an 
ingredient price is high. Therefore, it becomes important to make powdered particle size small, in order 
to raise the utilization ratio of an ingredient more, and to enlarge surface area per unit weight. Although 
it becomes easy to produce a crystallization part in the dielectric layer (oxide layer) which should be 
amorphous essentially in connection with the pulverization of such powder, since the insulation 
resistance of this crystallization part is low, there is an inclination for the leakage current to increase, so 
that pulverization is carried out. Although current and Ta powder not more than 1 order particle-size 

1 micrometer are used, degradation of the leakage current property accompanying this crystallization 
poses a big problem. 

(2) Nb is an ingredient with which the development is furthered in recent years. However, as for this Nb, 
since a leakage current property is also bad, crystallization of a dielectric layer poses a big problem 
when this produces commercially being easy to progress more than Ta. 

[001 1] In a [reason which above-mentioned fault produces] dielectric layer, since a crystal part and its 
grain boundary have low insulation resistance, advance of crystallization leads to increase of the leakage 
current. Although the reason crystallization of a dielectric layer takes place is not clear even in current, 
the effect of the vapor-phase-oxidation object of an anode plate body surface is mentioned as one of the 
factor of the. If Ta, Nb, etc. have high reactivity with oxygen, therefore it is left in air, the thin vapor- 
phase-oxidation film will arise in a surface of metal, but since [ that it is very thin ] extent of 
crystallization of the thickness is also low, it does not usually affect the dielectric layer (amorphous-like 
oxide film) of a capacitor substantially. However, in the case where scaling advances rapidly in case it 
takes out from the time of sintering of an anode plate object, and a sintering furnace, the degree of 
crystallinity of the vapor-phase-oxidation object to produce is high, and the thickness also becomes 
large. Therefore, the vapor-phase-oxidation object produced at this time can serve as a nucleus which 
advances crystallization at the time of the dielectric stratification. It is thought that this inclination is 
inferior to Ta in the leakage current property of Nb oxide film rather than Ta by the case of Nb since it is 
remarkable. 

[0012] [The conventional cure in the above-mentioned fault] 

(1) In the ejection after sintering in the approach vacuum which controls generating of a vapor-phase- 
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oxidation object, by introducing atmospheric air in a sintering furnace gradually, and advancing vapor 
phase oxidation gently, generating of a heat of combustion is suppressed and means to reduce 
crystallization of an oxide and generating of the oxide itself are taken. Although the amount of 
generation and crystallization of a vapor-phase-oxidation object can control to some extent by this 
approach, since a vapor-phase-oxidation object cannot necessarily be lost completely, effectiveness is 
low. Moreover, in Nb, since the affinity with oxygen is strong, by this approach, it is almost ineffective. 
[0013] (2) It is known that advance of approach crystallization which controls advance of crystallization 
will be dependent on the formation conditions (formation formation voltage, a liquid type, temperature, 
etc.) of the dielectric layer later mentioned by "explanation of the manufacture method of construction 
of this invention." Therefore, although a certain extent can control advance of crystallization by 
optimizing those conditions, since the optimization field is narrow, a dielectric layer must be formed in 
the field which cannot perform optimization of conditions depending on a product in many cases. 
[0014] (3) Even if it cannot control that crystallization of the approach dielectric layer which makes 
insulation resistance of the generated crystallization part high progresses, if insulation resistance of a 
crystallization part can be made high, increase of the leakage current can be controlled. As one of the 
approach of the, Mn addition used in the field of ceramic electronic parts can be considered. However, if 
Mn is added from a powder phase to Ta, Nb, etc. which are an anode plate object ingredient, since the 
metal Mn which exists in a front face after anode plate object sintering, and its oxide do not have a valve 
action property, in the following anodic oxidation process, an oxide film is not formed in the part, but 
degradation of a leakage current property is brought about on the contrary. Therefore, in fact, it is 
considered that Mn is the impurity which should be removed and it is managed to order several ppm or 
less. 

[0015] This invention was made in view of the above-mentioned situation, and aims at offer of the solid 
electrolytic capacitor which raised the leakage current property, and its manufacture approach by 
controlling the fall of the insulation resistance in the crystallization part of a dielectric layer. 
[0016] 

[Means for Solving the Problem] This invention solved the above-mentioned technical problem by 
adopting the following means. A solid electrolytic capacitor according to claim 1 is characterized by 
having (Manganese Mn) content layer in said dielectric layer in the solid electrolytic capacitor which 
comes to provide the anode plate object which consists of a tantalum (Ta) or niobium (Nb), the dielectr ic 
la yer which consists of an oxide, formed in th e front face of this anode plate object, and the"soHd 
electrolyte layer which consists of conductive matter formed on this dielectric layer. 
[0017] According to such a solid-state electrolytic capacitor, it can control that the insulation resistance 
of the crystallization part in a derivative layer falls by having formed the manganese content layer which 
added manganese to the dielectric layer. 

[0018] The manufacture approach of a solid electrolytic capacitor according to claim 2 The anode plate 
object which consists of a tantalum (Ta) or niobium (Nb), and th^rijelectric la yer wh ich consist s nf an 
oxide formed in the front face of this anode pj atfi-atxjgfct, The solid electrolyte layer which consists of 
conductive matter formed on this dielectric layer is provided, the formation which is the manufacture 
approach of a solid electrolytic capacitor of having (Manganese Mn) content layer in said dielectric 
layer, and has (Manganese Mn) content anion in case the layer of said oxide is formed in the front face 
of said anode plate object as said dielectric layer — it is characterized by using liquid. 
[0019] Since according to the manufacture approach of such a solid-state electrolytic capacitor it can use 
that an anion is incorporated by the oxide layer at the time of anodic oxidation as the approach of 
manganese addition and manganese addition can be performed to the dielectric stratification and 
coincidence, the bad influence of Metal Mn and conductive Mn oxide is eliminated, and the uniform 
manganese addition to a dielectric layer is attained. 
[0020] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt of the solid electrolytic capacitor 
concerning this invention and its manufacture approach is explained based on a drawing, in addition, the 
sign 2 in drawing 1 -- an anode plate lead and 5 - formation - for the body and 6, as for Mn content 
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layer and 8, a dielectric layer and 7 are [ Mn non-containing layer, and 9 ] crystalline oxides. 
[0021] First, the 1st example of this invention is explained. In addition, in this 1st example, an anode 
plate object is manufactured using Nb powder. 

[Explanation of the manufacture method of construction of this invention] 

(1) As Nb powder used for the anode plate object of manufacture approach this invention of an anode 
plate object, primary particle size used the powder which is 1 micrometer. The powdered granulation 
approach and the sintering conditions of an anode plate object are the same as that of the conventional 
method of construction explained as a conventional technique. 
[0022] (2) Formation of a dielectric layer (refer to drawing 1 ) 

in order to form a dielectric layer in the front face of the anode plate object of the above (1) - the same 
anodic oxidation as the conventional method of construction a dielectric layer 6 - forming — 
formation - the body 5 was acquired, the formation used at this time - as liquid (the electrolytic 
solution for anodic oxidation is called for this appearance), it becomes a phosphoric-acid water solution 
(0.6vol%) with 0.03wt(s)% - as - KMn04 What was dissolved was used, anodic oxidation - this 
formation liquid was kept at 80 degrees C, and after setting current density as 20V, performing it and 
an anodic oxidation electrical potential difference's reaching [ current density ] 20V in 15microA/cm2 
and an attainment electrical potential difference, the electrical-potential-difference impression condition 
was held for 3 hours. When current density is made high, it is Mn02 by the oxidation reduction reaction. 
In order to generate a lump and to degrade an oxide film, current density is 30microA/cm2. Considering 
as the following is desirable. The dielectric layer 6 formed at this time consists of a Mn content layer 7, 
and Mn a non-containing layer 8 which does not contain Mn. Moreover, the crystalline oxide 9 grows up 
to be coincidence during formation of a dielectric layer 6. At this time, Mn will contain in the crystalline 
oxide 9 which grows in Mn content layer 7, and its grain boundary. 

[0023] (3) the formation acquired by the formation above (2) of a solid electrolyte layer - the solid 
electrolyte layer as a matched-pairs anti-electrode surface was formed like the conventional method of 
construction on the dielectric layer 6 of the body 5 at the anode plate object metal. The conductive 
polymer layer was formed as a solid electrolyte layer. 

[0024] (4) the formation after the solid electrolyte stratification of the formation above (3) of catholyte - 
on the body 5, the catholyte which consists of a graphite paste and a silver paste still like the 
conventional method of construction was formed. 

[0025] (5) The metal external terminal for mounting was added to the component after catholyte 
formation of external terminal formation and the sheathing above (4) by welding, adhesion, etc. like the 
conventional method of construction, sheathing was further carried out by resin etc. for the purpose of 
damp-proof improvement and handling disposition superiors, and Nb solid electrolytic capacitor was 
obtained. 

[0026] As a means to express the effectiveness of [product evaluation approach] this invention, the 
leakage current property described for the previous "reason which the above-mentioned fault produces" 
was used, in order to compare conventionally the property of elegance and the capacitor which applied 
the method of construction of this invention - the conventional method of construction — formation - 
the capacitor which set up identically to this example (powder particle size, the amount of powder, 
sintering conditions, formation voltage, etc.), and manufactured except the liquid presentation was used 
as the elegance for' a comparison. The Measuring condition in the case of the comparison is as follows. 
(1) Applied voltage ... 4V (2) measuring time ... After [ electrical-potential-difference impression ] lmin 
value [0027] The graph of [explanation of actuation of 1st example] drawing 2 is a graph which showed 
how the leakage current would change by addition of Mn to the dielectric layer carried out by this 
invention. This graph shows having become 1/2 or less [ of elegance ] conventionally which the leakage 
current of Nb capacitor which applied the method of construction of this invention is set to 0.6microA 
by the average, and is set to 1.5microA. 

[0028] By Mn addition to the dielectric layer 6 stated in the 1st example of [explanation of 
effectiveness], the leakage current (LC) of Nb electrolytic capacitor was able to be reduced (refer to 
drawing 2 ). Since the insulation resistance of the reason [ such effectiveness is acquired ] of the 
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crystallization part in a dielectric layer 6 improved by existence of Mn, it thinks. 
[0029] Next, the 2nd example of this invention is shown and it explains. 
[Explanation of a manufacture method of construction] 

(1) Acquire an anode plate object through the same process as the 1st example in which the anode plate 
object carried out the manufacture approach ****. 

(2) Formation of a dielectric layer (refer to drawing 1 ) 

in order to form a dielectric layer in the front face of the anode plate object of the above (1) — an anodic 
oxidation method of construction - using - a dielectric layer 6 - forming - formation - the body 5 was 
acquired. In this example, anodic oxidation was divided into two steps and carried out. first formation 
— 60microA/cm2 and a target attainment electrical potential difference were set as 20V for current 
density, using a 80-degree C 0.6vol% phosphoric-acid water solution as liquid. Anodic oxidation is 
started on this condition, an electrical potential difference reaches a programmed voltage, and current 
density is 30microA/cm2. It energized until it fell (the lst-step anodic oxidation), then, formation - 
liquid - a 0.6vol% phosphoric acid - KMn04 0.03wt(s)% - it exchanged for the water solution (80 
degrees C) in which it was made to dissolve, and anodized by impressing the electrical potential 
difference of 20V for 3 hours (the 2nd-step anodic oxidation). 

(3) Pass through the same process as the 1st example 1 of formation - sheathing of a solid electrolyte 
layer. 

[0030] [actuation and effectiveness] of the 2nd example - also in this 2nd example, the almost same 
effectiveness as the 1st example is acquired, the formation which the anodic oxidation process of the 
2nd example consists of two steps, and does not contain Mn in the 1st step - the formation which 
contains Mn of the 2nd step after anodic oxidation advances to some extent using liquid and an 
energization current falls - it has composition which shifts to anodic oxidation with liquid. Therefore, 
although a process increases, it differs from said 1st example, and it is Mn02. It is not necessary to take 
a deposit of a lump into consideration and, and the electrical-potential-difference pressure-up time 
amount at the time of the lst-step anodic oxidation can also be shortened. 
[003 1] Then, the 3rd example of this invention is shown and it explains. 
[Explanation of a manufacture method of construction] 

(1) Acquire an anode plate object through the same process as the 1st example in which the anode plate 
object carried out the manufacture approach ****. 

(2) **** of a dielectric layer - although anodized like the 1st example and the 2nd example also in this 
case - formation - use Mn2+ ion and the complex of anions (CN- etc.) as a Mn content anion in liquid. 

(3) Pass through the same process as the 1st example 1 of formation - sheathing of a solid electrolyte 
layer. 

[0032] [actuation and effectiveness] of the 3rd example - the actuation in this case and effectiveness are 
the same as actuation and effectiveness of the 1st example 1 and the 2nd example which were mentioned 
above. 

[0033] Furthermore, the 4th example of this invention is shown and it explains. 
[Explanation of a manufacture method of construction] 

(1) Ta powder with a primary particle size of 0.6 micrometers was used as a manufacture approach 
ingredient of an anode plate object, and the anode plate object was acquired through the same process as 
the conventional example. 

(2) the same method of construction as the 1st example in which the dielectric layer carried out 
formation ****, and formation — liquid was used. 

(3) Pass through the same process as the 1st example of formation - sheathing of a solid electrolyte 
layer. 

[0034] The graph of actuation of the 4th example and [effectiveness] drawing 3 is a graph which showed 
how the leakage current (LC) would change by addition of Mn to the dielectric layer 6 performed in this 
4th example. Ta capacitor of the same capacity and rated voltage manufactured by the conventional 
method of construction as elegance for a comparison was used. Although crystallization in a dielectric 
layer advances and Ta also tends to invite leakage current increase when particle size which was used by 
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this example is less than 1 -micrometer powder, the graph of drawing 3 shows the leakage current (LC) 
average of Ta capacitor which applied the method of construction of this invention being set to 
0.07microA, and falling rather than 0.1 ImicroA of the conventional method-of-construction article. 
Also in the case of Ta capacitor, this shows that Mn addition to a dielectric layer 6 is effective. 
[0035] 

[Effect of the Invention] According to the solid electrolytic capacitor and its manufacture approach of 
this invention, the following effectiveness is done so. 

(1) the formation which has Mn content anion at the time of the derivative stratification - by using 
liquid, it becomes possible to perform formation of a dielectric layer, simultaneously uniform Mn 
addition to a derivative layer. Namely, when adding Mn from a powder phase, the bad influence of the 
metal Mn without the valve action property used as a problem and its oxide can be eliminated, and the 
effectiveness of Mn addition of raising the insulation resistance of a crystallization part can be 
effectively used now. 

(2) Since the insulation resistance fall of a crystallization part can be controlled by having prepared Mn 
content layer in the dielectric layer, the fall of insulation resistance is controlled and the small solid 
electrolytic capacitor of the leakage current can be offered. In addition, it is so good that the leakage 
current is small as a property of a solid-state capacitor. 



[Translation done.] 
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